Elasmobranchs are an old and diverse group of vertebrates inhabiting areas ranging from marine to fresh water. Marine elasmobranchs retain urea and other organic substances in their blood and tissue fluids, creating an internal osmotic environment comparable to the surrounding sea water. The rectal gland supplements kidney function, secreting salt in a fluid that has twice the concentration of body fluids. Euryhaline elasmobranchs function like marine species under conditions of high salinity; however, in less saline waters their urea concentration drops to 20-50% of marine levels, and rectal gland function either is reduced or stopped (see references in Thorson et al., 1983) . Some of these animals, such as the bull sharks and sawfish of Lake Nicaragua, may spend extended periods in fully freshwater habitats.
Members of the stingray family Potamotrygonidae, the only elasmobranchs permanently adapted to freshwater habitats, occur throughout the major river systems of eastern South America. They cannot concentrate urea, although they produce some of the necessary enzymes, and their rectal glands are small and apparently nonfunctional. Not even physiological conditioning can induce these rays to concentrate urea or excrete salt (Thorson et al., 1983 (1981) proposed an alternative perspective of the origins of the potamotrygonids, based on a series of studies using the helminth parasites that inhabit them. They began by establishing a sequence of questions to be answered: (1) Are potamotrygonids inhabited by helminth parasites that are related to helminths inhabiting other elasmobranchs? If not, then parasite evidence could not be used to determine anything about the evolutionary origins of potamotrygonids. If the helminths inhabiting potamotrygonids were related to those found in other elasmobranchs, however, they, their phylogenetic relationships, and their host and geographic affinities might provide evidence bearing on the origins of potamotrygonids. (2) Do the helminths inhabiting potamotrygonids form monophyletic groups? If so, then the most parsimonious hypothesis is that the potamotrygonids themselves are monophyletic and that their common ancestor brought the ancestors of the various helminth groups into fresh water with it. If not, then the most parsimonious explanation is that potamotrygonids are derived from more than 1 marine ancestor. (3) What is (are) the source(s) of In addition, the degree of complexity of a geographic distribution pattern for a group of species often is correlated with the length of time the group has been in an area. Twenty-four species of parasitic worms have been found inhabiting potamotrygonids thus far. Four of the 24 parasite species listed in Table I inhabit either teleosts (Paravitellotrema overstreeti, Terranova edcaballeroi) or crocodilians (Leiperia gracile, Brevimulticaecum sp.), and local potamotrygonids appear to have picked them up, at least on occasion (in my experience, they are not commonly found in potamotrygonids). Nineteen of the remaining 20 species of parasites are restricted to potamotrygonids (the exception being Megapriapus ungriai, the only acanthocephalan known to inhabit elasmobranchs and whose relationships to other acanthocephalans is uncertain). The closest relatives to those species inhabit marine stingrays, so it seems likely that most of the parasite groups inhabiting potamotrygonids were brought into neotropical freshwater habitats with the ancestor of the stingrays themselves.
Fourteen of the 19 species belonging to groups inhabiting elasmobranchs are members of 3 clades ( Fig. 1) , whereas the remaining species each represent a different clade. On the basis of this information, it would appear that the helminth fauna of potamotrygonids is an assemblage of monophyletic groups and single species, supporting the hypothesis that potamotrygonids arose from a single invasion of freshwater habitats in South America.
Phylogenetic hypotheses postulating the sister groups for some, but not all, of the helminths inhabiting potamotrygonids indicate that the helminth fauna of potamotrygonids arose in the Pacific Ocean, and that many of the closest relatives of the helminth fauna of potamotrygonids inhabit urolophid stingrays. This suggests that the ancestor of the potamotrygonids was a marine urolophid living in the Pacific Ocean. This observation, by itself, is troublesome, because no potamotrygonid is known from river systems that empty into the Pacific Ocean. Consideration of the pattern of diversification for the helminth species inhabiting potamotrygonids provides additional relevant information.
The geographic distribution patterns for the parasites of potamotrygonids are complex; some of the parasite species appear to be restricted to single river systems whereas others are more widespread (Table I) . Table II is a data matrix for 6 localities based on the phylogenetic relationships and distributions of the stingray helminths. Phylogenetic analysis of the data matrix derived using parasites and their phylogenetic 
3-
This area cladogram has a consistency index of 81%, supporting a qualitative assessment that approximately 80% of the species occur in these areas as a result of common phylogenetic history. On the basis of this initial analysis, the upper Parana, Orinoco, and Maracaibo localities appear to be composite areas. Recoding the data matrix, separating the upper Parana, the Orinoco, and Lake Maracaibo into multiple areas (Table III) , and performing a phylogenetic analysis of this matrix, produces a new area cladogram (Fig. 3) Amazon to the Orinoco; from the upper Parana to the Orinoco; and from the Orinoco to the upper Parana. Such complex distribution patterns also support the conclusion that potamotrygonids have been in the neotropics for a long time.
The question of how long ago the ancestor of the potamotrygonids arrived in neotropical freshwater habitats can be approached from several perspectives. Assumptions about the evolutionary sequence of osmoregulatory modifications and observations of current geographic distribution led many ichthyologists to think that potamotrygonids were the recently derived descendants of marine stingrays. The most common evolutionary scenario postulated that the potamotrygonid ancestor moved from the Atlantic Ocean into the Amazon basin during the marine ingression of the Pliocene epoch 3-5 million years ago. Subsequent to this invasion, a population was isolated from the ancestor, progressively adapting to fresh water and spreading throughout South America by stream capture. The area cladogram (Fig. 3) As a consequence of this study and the others cited above, we now recognize the possibility that a sizeable component of current neotropical freshwater diversity might be derived from Pacific marine ancestors. Because the uplifting of the Andes has rendered this portion of the neotropical biota nonrenewable, we should be interested in the conservation status of potamotrygonids. This is especially true now that potamotrygonids have become popular in the tropical fish trade. 
